The aim of this research was to design web-based learning environments enhancing mental model construction (WLEM). The target group consisted of 100 students, Faculty of Education, Khon Kean University. The research procedures were as followings: 1) to examine the principles and theories regarding constructivism, cognitivism, mental model, and web-based learning, 2) to synthesize designing framework of WLEM, 3) to design and development WLEM, and 4) to perceptions toward a WLEM, The result shows that five components to design WLEM for effective were: constructivist webbased learning environment, mental model development, -based characteristics, and cognitive factor for web design.
Introduction
Education Technology focuses on designing to increase effectiveness and productivity of teaching and learning by the teaching science and technology integration; especially, in the era of learning quality of knowledge innovation or creativity is highly demanded. Effective learners in knowledge to academic principles. The learning techniques by activating knowledge exchange and learning desire to create creativities and new knowledge are necessary in order to immediately apply for the complicated problem solving and prevent the vast expanding effects of those problems to other systems. Mayer (1996) stated that knowledge would be created when students are activated during the learning process. Additional factors are proper selection of relevant information management with existing knowledge to create the dynamic and completed mental model. Mental model supports learners to quickly complete information processing and reduce the frequency of investing effort to understand situation. Also metal model encourages automatist and effective decision making on specific circumstances and this characteristic is called Expertise Mental Model (Dreyfus and Dreyfus, 1986) .
Nowadays, Web-based Learning is attractive and widely applied in education system since it supports learners to access diverse kinds of information and knowledge sources. Also it provides space for learners to share experiences and knowledge as well as corporate with peers without the limitations of time and distance (Palmieri, 1997) Even though the Web-based Learning Environments is supporting flexibility of learning among learners, there are research results indicating that learners are still playing the role of knowledge consumer -in the traditional didactic teaching -instead of constructor (McCormack & Jones, 1998) . This situation is not promoting learners to actively create mental model. Consequently, this research focuses on the instructional design for Web-based learning environment in order to support learners to effectively create their mental model.
Method
The target group of this study was 100 students of the faculty of Education, Khon Kaen University. The developmental research Type I (Richey and Klein, 2007) was employed in this study. Several methods used were document analysis, survey and case study. The instruments for data collecting include: (1) The document
The research procedure were as follows: (1) to examine the principles and theories such as cognitive theories, constructivist theories, mental model, and web-based learning, (2) to synthesize designing framework of WLEM, and (3) to perceptions toward a WLEM.
Results
The design of web-based learning environments enhancing mental model construction are as follows:
Synthesis of theoretical framework
According to studying and analysis of principles, theories, and related literature regarding design and development of cognitive theories, constructivist theories, the constructivist learning environment model, web-based learning, media attribution, media symbol system, and mental model. To synthesize the theoretical framework, this consisted of basic theoretical 5 important fundamental as follows: (1) constructivist learning environment, (2) mental model development, -based characteristics, and (5) cognitive factor in web page design. Fig. 1 shows the elements of WLEM. For above the theoretical framework shows the relationship between 5 components as following details: The pedagogies to design WLEM are cognitive constructivist theories of Piaget and social constructivist theory of Vygotsky The cognitive constructivist theory emphasizes on activating learners to have cognitive conflict by confronting them with complicated problems in order to encourage learners to adjust their cognitive structure to equilibrium state by linking prior knowledge that they experienced and information. This theory is congruent with the mental model creation by developing experience of problem solving, information organization, creation of representation and interpretation of information (John D. Bransford and etc., 2000) . According to social constructivist theory (Vygotsky, 1978 it emphasizes on social context learning, especially the social interaction and dialogue supports knowledge sharing, reflection of individual understanding, and negotiating. Above mentioned underlined theories are analyzed and synthesized. It can be illustrated as the fig1.
The concept of mental model development of William Winn 2004 ) stated that human beings create knowledge via schema or mental model which is dynamic and change all the times. If learners are able to create their mental model on what they are studying, it would help them to deep understand and apply that knowledge without investing too much efforts and time to memory and they can quickly apply it or make decision about it without recreating this knowledge again. De Groot (1965) named this information processing patterns that Meaningful patterns of information Mayer 1996) explained that the creation process of mental model occurs in the short-term memory (STM). However the STM of human beings has limitations on information processing and memory capacity. Those limitations directly affect to the The more complicated information or problems learners are facing, the more cognitive capacity they need to use to understand those information. Sometimes learners cannot create the mental model, so the application of media attribution and symbol system of the web-based learning can reduce this limitation. According to Liaw & Huang (2000) , they presented the five important characteristics of web-based learning as follow; (1) web-based learning offer Multimedia environments. The information in web-based system can be simultaneously represented in any combination of media format, (2) web-based learning integrates various kinds of information and construct information bases, (3) web-based learning supports interactive communication, (4) web-based learning supports networks to access information, and (5) web-based learning provides a crossplatform environment.
Shu-Sheng Liaw (2004) explained that in developing web-based learning, the instructional designer needs to focus on content development based not only on learning objectives, but also on an analysis of the targeted designing WLEM is to pre characteristics in order to improve (1) cognitive characteristics individual computer literacy and prior knowledge or personal learner styles, (2) social characteristics include individual attitudes toward collaboration or relationship with peers, and (3) physical characteristics include individual age or gender. And level of computer an Fig. 2 The designing of WLEM to study presented via multi-media (VDO) to create mental model. Fig. 3 The designing of WLEM by creating conceptual model to reduce limitation of short-term memory for supporting learner to effectively create their mental model Fig. 4 The design of WLEM by creating knowledge sharing community according to the social context learning theory. This method helps learners to construct completed mental model by relying on the characteristics of web-based learning (cross-platform environment links with social network for instance face book .
-based learning environments enhancing mental model construction
perceptions at high level in all aspects: constructivist learning environment, mental model development, -based characteristics, and cognitive factor in web page design as illustration in below table 1-5. Jonassen, 1994) 4. Activating learners to manage their old knowledge structure by bringing information from their learning to integrate with the existing knowledge memorized in their brain.
3.78 0.88 Table 2 illustrates that the in the item 3. Learning is the active process and creates new knowledge ion who used
Designing the information presentation through multi-media system (i.e. pictures, sound, text, video and so on)
3.77 0.86
2.
Designing to promote the integration of information for learning 3.75 0.88 3.
Designing to promote the interaction between information and communication to solve problems, explain, analyze, synthesize, investigate, assess, and create new knowledge during learning process 3.71 0.81
4.
Designing to link the web network for simple information accessibility 3.81 0.88 5.
Designing the model to response to multi-operation system or diverse software 3.66 0.85 From Table 5 illustrates that the high level in the item 6, experience on using power point. The and internet show the high level in the item 1, experience on collaborative learning through web-based learning.
Summary and Discussion
The results of this study can be summarized as following details:
the designing web-based learning environments enhancing mental model construction consists of 5 components as follows: 1 constructivist learning environment, 2 mental model development, 3 4 web-based characteristics, and 5 cognitive factor in web page design. This finding consistent with the several studies as follows: The study of Shu-Sheng Liaw (2004) found that the constructivist web-based learning consists of 3 components as follows: (1) constructivist learning environment, (2) instructional structure:
, technology, interaction and communication, (3) web-based characteristics. And also consistent Shu-Sheng Liaw and Hsiu-Mei Huang (2007) satisfaction, collaboration activities, lea that these five factors should be considered at the same time when developing a collaborative e-learning system. However, the previous research finding is found only three components: (1) constructivist learning environment, (2) instructional structure:
, technology, interaction and communication, (3) web-based characteristics but the finding of this study is found different more 2 components such as 1) mental model development and 2) cognitive factors in webperception with WLEM. They perceived that learning is the active process and creates new knowledge and activate the learners to organize their former knowledge structure by bringing information from their learning integrate with the existing knowledge memorized in their brain. This finding is consistent with Kozma (1991) and Kanjug Issara, (2009) which regarding with the creation of the mental model. Moreover, it is also found that the designing of WELM help to promote the interaction between information and communication in order to solve problems, explain, analyze, synthesize, investigate, assess, and construct new knowledge during the learning process. This finding is consistent with several studies as follows: Chaijroen Sumalee and others (2008), Wattanachai Suchat and others (2008), Kanjug Issara (2009), Samat Charuni (2009), and Samat Charuni and Chaijaroen Sumalee (2009) which indicating the development of web-based learning environment that promotes learning and thinking such as synthesis thinking, conceptual thinking, application thinking and critical thinking, promoting potential of the brain, enhancing expert mental models and creative thinking.
